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1M1UCT 

The  raduction  of  light  intanalty  in 
biolumlnaaoant  baotarla  upon  exposure  to 
toxic  aabatancaa  can  ba  us  ad  f~r  rapid 
a crooning  of  aatariala.  Kaaulta  ara  oftan 
coaparabla  to  aora  axpanalva  standard  bio- 
asaays. 

k  commercially  availabla  systaa  was 
used  to  determine  tba  ralatlva  raaponaa  of 
bioluainescent  baotarla  to  a  nuabar  of 
alkyltla  ooapoundai  >4ln,  KjlnX,  ^InXj, 
and  Ksnx3,  vhara  K  -  alkyl  group  and  X  - 
ha  lido,  within  a  aarias  of  compounds  dif- 
faring  only  in  tha  nabar  of  1  groupa  at¬ 
tach  ad  to  tha  oantral  tin  atoa,  tha  Boat 
toxlo  eoapound  vaa  always  tha  trialkyltin 
*  eoapound.  Tha  graatast  diffaranoa  In  toxi¬ 
city  vaa  found  In  tha  butyltin  aarias  of 
ooapoundai  tributyltln  vaa  -39  tlaaa  aora 
toxlo  than  dibutyltin  and  -750  tlaaa  aora 
toxlo  than  (aono) butyltin.  Whan  trialkyl¬ 
tin  eoapounds  vara  ooaparad,  tha  toxicity 
to  thaaa  baotarla  ineraaaad  with  tha  nua¬ 
bar  of  carbona  in  tha  alkyl  ohalni  tha 
tributyltln  ocapounda  ara  -ISO  tlaaa  aora 
toxlo  than  triaethyltin  ocapounda. 

nmooocrzow 

Tha  biocidal  affaeta  of  alkyltln  oca- 
pounds  at  part  par  billion  lavals  aaka 
thaaa  ocapounda  ideal  Candida taa  for  such 
uses  as  antifouling  ship  paints,  fungi¬ 
cides  and  wood  preservatives.  This  paper 
ooaparaa  tha  relative  toxlcltiaa  of  a 
nuabar  of  alkyltln  eoapounds  using  a 
highly  reproducible,  slaple  and  rapid 
bioaeaay  using  bloluainaaeant  bacteria 
(Klcrotox*) .  To  our  knovladga  there  la  no 
pub  11  shad  intonation  on  tha  ralatlva 
toxlelty  of  tha  alkyltln  ecupounds  to 
these  microbes . 


r 

Tha  Klcrotox*  syataa  can  produoa  a 
bioassay  within  30  aiautea  and  haa  been 
shown  to  have  similar  sensitivity  and 
generally  a  good  correlation  to  aora  tins 
consuming,  and  difficult  bloassays. 
Dazvart  and  tlooff  (l)  demonstrated  that 
Klcrotox*  sensitivity  compared  favorably 
with  30  other  aquatic  bloassays. 
at  al. (2)  tasted  fossil  fuel  process  water 
and  pure  phenolic  eoapounds,  which  ara 
constituents  of  this  water,  and  found  that 
Klcrotox*  results  vara  coaparabla  to  both 
static  and  flow-through  acuta  fish  bloas¬ 
says.  Qurashi  at  al.  (3)  found  ,  In  aoat 
oases,  that  Klcrotox*  exhibited 
lavals  of  sensitivity  as  did  fish,  crus- 
taeaa,  and  other  bacterial  bloassays, 
particularly  toward  organic  eoapounds  and 
ceaplsx  effluents.  Likewise,  Bullch  at 
al.  (4)  showed  good  correlations  between 
Klcrotox*  and  fiah  bloassays  for  pure 
compounds  and  complex  effluents.  Tha 

Klcrotox*  bloaasay  is  a  convenient  way  to 
eoapare  the  relative  toxicity  of  com¬ 
pounds,  and  to  demonstrate  degradation  of 
eoapounds  as  a  decrease  In  toxicity  (5) 
and  a  method  to  study  synergistic  and 
antagonistic  effects  of  compounds  (<) . 

Kibo  and  Kaiser  (7)  used  Klcrotox*  to 
calculate  structure-activity  correlations 
with  physico-chemical  parameters,  k  good 
correlation  existed  between  Klcrotox* 
toxicity  and  the  solar  refractivity  pera- 
aeters  of  para-substituted  phenols  and 
also  the  octanol/water  partition  coef¬ 
ficients  of  chloro-substitutsnts  in  the 
ben  sane  ring  of  chlorobensenes.  Curtis  et 
al.  (8)  demonstrated  a  high  correlation 
between  Klcrotox*  toxicity  and  fish  bloas¬ 
says  in  saaihoaologous  series  of  alco¬ 
hols,  ketones  and  ethane  derivatives. 
Toxicity  for  Klcrotox*  and  fish  increased 
as  the  number  of  carbons  increased  for 
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Trl-m-butyltln  chloride,  tri  a  butyl- 
tla  bntite,  trlethyltin  braid*,  trlms- 
tbyltia  chloride,  dlmethyltln  dlchlarlde, 
Mtbyltia  trlcUerlte,  dlstbyltln  diohlo- 
rlde,  dl-n-butyltln  Bichloride,  t*tn- 
butyltln  rad  tstraallyltla  war*  obtained 
fra  Alfa  Products  (Dunn,  IB).  Di-n- 
prepyltia  dloblorida.  tri-n-propyltin 
chloride,  n-butyltln  trieblerlda  and  tri- 
phenyltin  chloride  war*  obtained  frca 
Kelts  and  Bauer, X no.  (Waterbary,  CT) . 
Dm  cbraioele  were  aaed  without  further 
purification.  Tetrapentyltln  was  prepared 
by  reaction  of  dnCl4  (Alfa  Products,  Dan- 
wars,  HA)  with  n-penty laagnes  ius  bronids 
(Alfa  frodooto,  Danvers,  HA).  Tetrmbut-1- 
anyltin,  tetrabut-2-enyltln,  and  tetrabut- 
3-enyltin  ware  praparad  by  reaction  of' 
SnCl4  with  the  appropriate  freshly  pra¬ 
parad  Srignard  Maagent.  Tri-n-pantyltin 
brenlda,  trlbut-l-anyltln  breaida,  tribut- 
3-enyltin  bronida  and  dibut-3-anyltin  di- 
bronlda  ware  praparad  by  broaination  of 
the  sysnatrioal  tatraorganotin  coapound. 
Those  coapounds  vara  purified  by  vacuua 
distillation  and  oolunn  chromatography  on 
Plorisil  (Supalco,  Inc.,  Belief onto,  PA). 

For  Kicrotox*  tasting,  stock  solu¬ 
tions  of  the  ooapounds  ware  prepared  in 
93%  ethanol  at  -1-3  ng/nl.  Appropriate  a 

mounts  of  the  ethanol  solutions  were  added 
to  2%  aqueous  Wad  to  achieve  a  workable 
concentration  while  keeping  the  ethanol 
concentration  as  low  as  possible.  Typi¬ 
cally  the  ethanol  concentration  was  about 
0.05%.  Where  higher  concentrations  of 
ethanol  ware  required  owing  to  solubility 
problems  with  the  stock  solution,  an  etha¬ 
nol  blank  was  also  prepared  for  the  Hlero- 
tox*  control. 

The  Wlcrotox*  Toxicity  Analyser  Model 
2035,  manufactured  by  Kierobles  Corpora¬ 
tion,  Carlsbad,  CA,  is  basically  a  pho¬ 
tometer  with  variable  teaperature  control 


■how—  am  *-mr>  wham  spaaed  to  a 
toxloant.  the  light  output,  is  a  mernai 
metabolic  funotioa  af  these  boot aria  anoe 
rahydratad  with  distilled  water*  9m 
bacteria  are  provided  la  a  convenient 
frees  e-drled  form  by  Mierobioo  Corporation 
and  are  lamed  lately  motivated  by  the  addi¬ 
tion  of  1  ml  distilled  water.  Open  rehy¬ 
dration,  the  bacterial  suspension  is  used 
as  a  reagent  by  adding  10  ul  to  each 
sample.  Binoe  the  bacteria  are  marine,  3% 
MaCl  is  used  to  provide  osmotic  protection 
to  the  bacterial  calls. 

Serial  dilutions  of  each  compound  for 
measurement  are  performed  in  the  Wlcrotox* 
photomater/incubator  at  15  °C.  Controls 
consist  of  triplicate  l  ml  portions  of  3% 
MaCl  and  candidate  toxics  are  prepared  in 
and  subsequently  serially  diluted  in  2% 
MaCl,  with  a  final  volume  of  1  ml  for  each 
dilution.  After  a  5  minute  period  for 
teaperature  equilibration,  10  ul  of  rea¬ 
gent  (rehydrated  bacteria)  is  added  to 
each  of  the  controls  and  the  serial  dilu¬ 
tions  of  the  test  compound.  Measurements 
in  the  photometer  are  made  at  5  and  15 
minutes  after  addition  of  the  reagent. 
This  procedure  is  repeated  at  least  four 
separate  times  for  each  compound  to  pro¬ 
vide  four  independent  toxicity  values. 

The  toxicity  value  is  expressed  as  an 
ZC50  concentration,  which  is  the  concen¬ 
tration  of  a  compound  which  caused  a  50% 
reduction  in  light  output.  The  EC50  con¬ 
centrations  were  determined  by  graphic 
interpolation  on  log- log  paper,  plotting 
the  gamma  function  against  concentration. 
The  gamma  function  is  the  ratio  of  the 
amount  of  light  lost  to  the  amount  of 
light  remaining.  A  gammas  value  of  1 
corresponds  to  a  50%  reduction  in  light, 
or  BC50.  The  ECS0  values  at  5  and  15 
minutes  are  reported  here  since  these  - 
times  are  most  commonly  reported  in  tbeFo 
literature  when  Wlcrotox*  is  compared  to  I 
fish  and  other  bioassays.  A  low  ZC50 
value  indicates  high  toxicity,  unannounced 
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riguct  4.  EC30  values  for  butyl  tin  tri¬ 
chloride,  dibutyltin  dichloride  tributyl- 
tin  chloride  end  tetrabuty ltin . 


Figures  5,  d.  7  end  I  show  the  IC50 
at  5  end  15  ninutee  for  mono-,  di-,  tri¬ 
end  tatraalkyltlna,  respectively,  es  a 
function  of  the  nunber  of  oerbone  in  the 
alkyl  Chain.  As  eean  in  Figure  5,  the 
toxicity  of  methyl  and  butyltin  ie  ap¬ 
proximately  the  eame.  For  the  dialkyltin 
ccmpounde,  shown  in  _  Figure  S,  toxicity 
Increased  dramatically  tram  dimethyl-  to 
dietfayltin  and  was  approximately  the  same 
for  diethyl-,  dipropyl-  and  dibutyltin. 
The  greatest  range  in  toxicity  is  shown  in 
Figure  7  for  the  trialkyltin  compounds, 
where  tributyl  tin  wee  found  to  be  -150 
times  more  toxic  than  trimethyltin. 
Toxicity  decreased  again  froa  tributyltin 
to  tripentyltin.  The  greatest  toxicity 
was  found  for  butyltin  species  in  the 
tetraalkyltin  compounds,  shown  in  Figure 
a,  ae  well.  The  EC50  for  tetrapentyltin 
could  only  be  determined  ae  a  "greater 
than  value"  owing  to  solubility  problems. 


'  *  VVT- 


Figure  5.  *C50  values  for  (mono) alkyltin 

trihalides. 


Figure  6.  EC50  values  for  dialkyltin 
dihalides. 


Figure  7.  EC 50  vtluM  for  trielkyltin 
ha lid* a. 
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Figure  8.  SC50  valu**  for  tetraalkyltine. 


Trielkyltin  mfonadi  At*  wtlitt 
iUi  variation  in  opooioo  rooponoo  (11,11) 
MitI—  toatielty  in  a  homologous  sariaa  of 
oompoumda  lifftrlaf  only  la  suborn  obmin 
longth  «ao  shown  to  bo  trlmstbyltin  Cor 
1  no  onto  j  triethyltin  Cor  aa— all,  and  tri- 
propyltin  for  gram-negative  baotarla. 
dram-positive  baotarla,  flah  and  fungi  all 
show  maximum  raapoaaa  to  tributyl tins . 
tba  bioloalaoaoaat  baotarla,  Phetehaa- 
t*r in*  pbCUbfiXtBS,  although  gram- nega¬ 
tive,  ahowad  maximum  sensitivity  to  tribu- 
tyltla  ooapounda.  Tha  quantitative  re- 
aalta  aro  vary  alallar  to  1C30  data  mea- 
aurod  by  primary  productivity  In  fresh- 
vatar  dlofono  (13)  and  to  LCSO  dataninod 
by  viabla  oall  oount*  In  gram-negative 
baotaria  aaaoeiatad  with  facal  pollution 
(14).  la  also  raportad  by  Sljastainjn  at 

al.  (12),  tha  toxicity  dacraasad  with 
incraaalng  carbon  chain  length  beyond  tha 
point  of  maxima  toxioity. 

Bioaccumulation  and  biochemical  acti¬ 
vity  have  bean  shown  to  be  dependant  on 
octanol/vater  partition  coefficients 
(15,14,17).  Although  data  on  vater-octa- 
nol  partition  coefficients  and  on  correct 
values  for  tha  natal-substituent  bonds  to 
calculate  the  Ranch  pi  parameters  are  not 
available  Laughl in  at  al.(ll)  showed 
correlation  between  toxicity  to  mud  crab 
larvae  and  tha  Banach  pi  parameter  for  the 
carbon  chain  fragment.  Using  biolumines- 
cent  bacteria,  wa  could  show  correlation 
only  tor  tha  trlalkyltlns  from  methyl 
through  butyl  only.  Pentyl tin  compounds, 
triphenyltin  and  the  experimental  com¬ 
pounds  mentioned  below  showed  anomalous 
behavior. 

the  Xicrotox*  system  was  also  used  to 
determine  the  toxicities  of  some  experi¬ 
mental  compounds.  Table  1  shows  the  BC50 
for  soma  symmetrical  unsaturated  tetraor- 
ganotia  compounds  end  their  saturated 
analogues.  Tetraallyltin  shows  greater 
toxicity  than  tetrapropyltin.  Tetrabu- 
tenyltins  with  double  bonds  in  the  1,  2 
and  3  positions  exhibit  EC50s  different 
from  each  other  and  generally  lower  than 
tetrabutyltin.  These  results  are  contrary 
to  expectation,  since  the  polarity  induced 
by  the  double  bond  should  cause  a  lower 
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Oavonl 

8  Bln  BC90  (\ff) 

IS  Bln  BC50  (Iff) 

K^n 

41.10  4  8.14 

30.14  4  4.79 

A114*i 

18.37  4  3.38 

14.79  4  3.87 

AllaBua*> 

8.85  4  1.14 

4.11  4  1.20 

Bu^an 

4.31  4  1.70 

2.10  4  0.95 

0.91  4  0.10 

0.84  4  0.04 

Bu«(2)Sn 

4.71  4  1.50 

2.59  4  0.68 

8^(1)  Sn 

1.74  4  0.38 

0.97  4  0.11 

Bu  -  butyl,  CHjCHjO^CHj- 
Bu(3)  -  but-3-«nyl,  CBj-OBHjCSl,- 
Bu(2)  “  bUt-2-«ryl,  CBj (XBCBy- 
Bu(l)  -  but-l-«yl,  CHjCHjCSOif- 
Pr  -  prcpyl,  a^ayCBy 
AU  -  allyl,  CHj-OCHj- 

Deta  for  txi-  and  di-organotina  ara 
abown  In  Tablo  a.  Tha  two ' tributanyltin 
coapounda  ara  both  nora  toxle  than  tri- 
butyltln  and  exhibit  toxic it lea  diffarant 
fron  aach  othar.  Dlbutanyltln  la  laaa 
toxle  than  dibutyltln.  Thaaa  coapounda  do 
ahov  tha  axpactad  trand  of  daeraaalng 
toxicity  with  double  bond-induced 
increaaing  polarity. 


8  Bin  BCS0  (iff) 

18  tin  BC50  (180 

0.08  4  0.03 

0.02  4  0.01 

BUgMT 

0.13  4  0.01 

0.08  4  0.00 

Bu,(3)aar 

0.44  4  0.08 

0.37  4  0.03 

8u3(l)8BBr 

0.82  4  0.18 

0.44  4  0.04 

- 

2.11  4  0.89 

1.09  4  0.23 

BuaOJBnfcj 

5.13  4  0.69 

2.82  4  0.22 

1*38*0. 

0.36  4  0.08 

0.14  4  0.02 

Bu  -  butyl, 

CHjffijCHjCHj- 

Bu(3)  -  but-3-ertyl,  Cff3*aCH3ai3- 
Bu(l)  -  but-l-snyl,  CHjCHjCH-CH- 
B»  -  pberyl 

Tha  ravaraal  in  toxicity  raaponaa  in 
tha  tetraorganot in  and  triorganotin  coa¬ 
pounda  whan  unaaturation  ia  introduced 
would  aaaa  to  indicate  that  either  ateric 
or  electronic  effeete  nay  be  at  leaat  aa 
important  aa  hydrophobicity  aa  a  predictor 
of  toxicity.  Although  the  poeaible  affect 
of  having  a  mixture  of  atereolaoaera  pre- 
aent  in  coapounda  with  the  double  bond  in 
tha  1  or  2  position  has  not  been  taken 
into  account,  tha  variation  in  toxicity 
ahown  with  placaaent  of  the  double  bond 
would  aeea  to  corroborate  thia  observa¬ 
tion.  Banach  and  Leo  (19)  noted  that 
while  highly  apecific  biological  raaponaa 
doea  show  dependence  on  relative  hydropho¬ 
bicity,  it  ia  difficult  to  analyte  beoauae 
apecificlty  ariaaa  out  of  the  additional 


BCBO  data  eras  fclUyianowt  bac- 
tnla  blouMT>  otmlitii  both  qualita¬ 
tively  and  qautltatiwly  with  moot  othar 
bioasaay  prooeduraa  that  htvt  boon  used 
for  organotin  ooapounda.  The  aatbod  la 
rapid  and  rolatlvaly  inexpensive.  Data 
obtained  on  experimental  ooapounda  indi- 
oatoa  that  tha  aatbod  ia  valuahla  for 
asaessing  tha  ralativa  toxlcities  of  aiai- 
lar  ooapounda. 
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